
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 02, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1949 

Power Factor Correction and Speed Control of LUO Converter Fed 

BLDC Motor using NEURO Fuzzy 
Mohammed Ovaiz A1 Venkatesh K2 Vikram s3 Chikkandhar G4 

1Assistant Professor 2,3,4Student 
1,2,3,4Department of Electrical & Electronics Engineering 

1,2,3,4Veltech Hightech Dr.Rangarajan Dr.Sakunthala Engineering College
Abstract— this paper presents a power factor correction 

(PFC)-based bridgeless Luo (BL-Luo) converter-fed 

brushless dc (BLDC) motor drive. A hall effect sensor and 

single voltage sensor is used for the speed control of the 

BLDC motor and PFC at ac mains. The voltage follower 

control is used for a BL-Luo converter operating in 

discontinuous inductor current mode. The speed of the 

BLDC motor is controlled by using the neuro fuzzy 

algorithm by comparing the error speed and reference speed 

of the bldc motor. The performance of the proposed drive is 

validated with test results obtained on a developed prototype 

of the drive. 
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I. INTRODUCTION 

Brushless dc motor becomes more popular due to its 

advantage like high efficiency, high power density, compact 

size, high ruggedness, low maintenance requirements and 

their immunity to electro-magnetic interference (EMI) 

problems. Efficiency and cost is also a major consideration 

in the development of low-power motor drives in household 

applications such as for example fans, water pumps, 

blowers, mixers, etc. Bldc motor is a 3 phase synchronous 

motor having dc motor torque speed characteristics. Bldc 

motor has three phase windings on the stator where excited 

by a voltage source inverter (VSI) and permanent magnets 

on the rotor. BLDC motor can also be called as an 

electronically commutated motor because an electronic 

commutation based on rotor position can be used.The BLDC 

motor eliminates problems such as sparking, wear and tear 

of brushes, EMI and noise interference. 

A conventional BLDC motor using a front-end 

DBR and a high value of DC link capacitor draws high 

distorted peak current which rich in harmonics. Fig.1.A 

shows the conventional scheme of BLDC motor drive fed by 

a pulse width modulation based VSI for speed control. Such 

configuration leads to a very low power factor of the order 

of 0.572 and high total harmonic distortion (THD) of supply 

current at AC mains as shown in Fig. Such power quality 

indices are not acceptable under the limits of international 

power quality standards. This range of power quality 

increases the EMI. There are two type of EMI they are 

conducted and radiated EMI. At the low frequencies EMI is 

created by conduction and at high frequencies EMI is 

created by radiation. This type of EMI creates problems like 

skin effect, hysteresis loss, eddy current loss, high over 

shoot transient and voltage drop which affects performance 

and overall efficiency of the system. So by improving the 

power quality at ac main we can reduce the EMI problem 

The power quality can be improved by some 

special converters. this type of converter can be designed to 

operate in continuous or discontinuous conduction mode of 

operation. A CCM offers an advantage of lower stress on a 

PFC converter switch, but requires a two control loops 

(voltage and current control loops) for achieving a DC link 

voltage control with PFC at AC mains. This requires three 

sensors for operation, which is a costly option, and hence 

preferred for high power ratings (>1kW). Whereas, the 

converter operating in DCM acts as an inherent power factor 

corrector and hence requires a single voltage control loop 

(i.e. single voltage sensor) for DC link voltage control. 

However, a higher stress on PFC converter switch is 

obtained in a PFC converter operating in discontinuous 

inductor current mode (DICM); hence this mode is preferred 

for low power applications. 

 
Fig. 1: Aconventional DBR fed BLDC motor drive. 

II. PROPOSED TECHNOLOGY 

The proposed PFC based BL-Luo converter fed BLDC 

motor drive. A single-phase supply followed by filter and a 

BL-Luo converter is used to feed a VSI driving a BLDC 

motor. The BL-Luo converter is designed to operate in 

DICM to act as an inherent power factor pre regulator. The 

speed of the BLDC motor is controlled by changing the 

reference speed. The neuro fuzzy compares the input 

reference speed and error speed and gives signal to the 

current controller. the current controller controls the VSI 

switches and hence has low switching losses in it;  The 

proposed scheme is designed and its performance is 

simulated for achieving an improved power quality at AC 

mains for a wide range of speed control and supply voltage 

variations. Finally, the simulated performance of the 

proposed drive is validated with test results on a developed 

prototype of the drive. 
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Fig. 2: 

III. NEURO FUZZY STRUCTURE 

 
Fig. 3: 

A. Fuzzy Logic Controller: 

Many industrial processes do not permit precise 

mathematical modelling. Mathematical modelling is 

required for classical control theory approaches. The 

industrial processes, which do not allow mathematical 

modelling, may have non-linear relation between system 

state and the control. Some confused industrial processes or 

system are controlled by human operators who are capable 

of controlling under insufficient and inadequate information 

using the qualitative information and thumb rules. Fuzzy 

logic works similar to the above human operator controlling 

a plant or process. Fuzzy logic is mathematical tool to 

simulate human thinking process and is not really “fuzzy”. 

A fuzzy logic controller has a set of rules, which is used to 

calculate the final control action. Each rule is linguistic 

expression about the control action to be taken in response 

to a given set of process conditions. The rules have the 

following general format  

IF <CONDITION> THEN <ACTION> 

Fuzzification of the variables used by the fuzzy 

logic controller based on the knowledge attained about the 

process.The inference, which is composed of several rules, 

which forms the rule base. The inference process proceeds 

from the initial conditions to the conclusions, and then to the 

logical sum.The defuzzification operation that unifies the 

result of the rule base and calculate a crisp final value of the 

output. 

IV. OPERATING PRINCIPLE OF PFC BL-LUO CONVERTER 

The operation of proposed PFC BL-Luo converter is 

classified into two parts which include the operation during 

the positive and negative half cycles of supply voltage and 

during the complete switching cycle. 

A. Operation during Positive and Negative Half Cycles of 

Supply Voltage 

 
Fig. 4: 

BL-Luo converter for positive and negative half 

cycles of supply voltage, respectively. The bridgeless 

converter is designed such that two different switches 

operate for a positive and negative half cycles of supply 

voltages.  switch Sw1, inductors Li1 and Lo1 and diodes Dp 

and Dp1 conduct during the positive half cycle of supply 

voltage. In a similar manner, switch Sw2, inductors Li2and 

Lo2 and diodes Dn and Dn1 conduct during the negative 

half cycle of supply voltage as the associated waveforms 

demonstrating the variation of different parameters such as 

supply voltage (vs), discontinuous input inductor currents 

(iLi1 and iLi2), output inductor current (iLo1 and iLo2) and 

the intermediate capacitor’s voltage (VC1 and VC2) during 

complete cycle of supply voltage. 

B. Operation during Complete Switching Cycle: 

the operation of PFC BL-Luo converter during a complete 

switching period for positive half cycle of supply voltage. 

Mode P-I:  when switch Sw1 is turned-on, the input side 

inductor (Li1) stores energy depending upon the current 

(iLi) flowing through it and the inductor value (Li1). 

Moreover, the energy stored in intermediate capacitor (C1) 

is transferred to the DC link capacitor (Cd) and the output 

side inductor (Lio). Hence, the voltage across intermediate 

capacitor (VC1) decreases, whereas the current in output 

inductor (iLo1) and the DC link voltage (Vdc) are increased  

Mode P-II: As shown in Fig. 5(b), when switch Sw1 is 

turned-off, the input side inductor (Li1) transfers its energy 

to the intermediate capacitor (C1) via diode Dp1. Hence, the 

current iLi1 decreases till it reaches zero, whereas the 

voltage across intermediate capacitor (VC1) increases 

V. MODELLING OF THE SYSTEM 

The PFC DC-DC luo converter feeding the BLDC motor is 

modeled and simulated. The control scheme of the improved 

power quality LUO converter is shown in Fig.1. The 
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complete model of the drive is described in the following 

sections. 

A. Reference Voltage Generator: 

The reference voltage generator is required to produce an 

equivalent voltage corresponding to the particular reference 

speed of the BLDC motor. The speed of BLDC motor is 

proportional to the DC link voltage of the VSI. The 

reference voltage generator produces a voltage by 

multiplying the speed with a constant value known as the 

voltage constant (Kb) of the BLDC motor. 

B. Controller Circuit: 

The controller circuit used is Proportional Integral 

controller. This PI controller is used to minimize the error 

signal and also produce a controlled output to the PWM 

generator to trigger the switch of LUO converter. An error 

voltage and the actual voltage fed from DC link capacitor is 

given to a PI (Proportional Integral) speed controller which 

generates a controlled output corresponding to the error 

signal. 

C. PWM Generator: 

The output of the PI controller is given to the PWM 

generator which produces a PWM signal of fixed frequency 

and varying duty ratio. A saw tooth waveform is compared 

with the output of PI controller. 

D. BLDC motor: 

The dynamic modeling of the BLDC motor is given by, 

Van = Raia + Pλa + ean (3) 

Vbn = Rbib + Pλb + ebn (4) 

Vcn = Rcic+ Pλc + ecn (5) 

The flux linkages are given as, 

λa = Lsia – M(ib+ic) (6) 

λb = Lsib – M(ia+ic) (7) 

λc = Lsic – M(ia+ib) (8) 

where p represents the differential operator, Van, 

Vbn and Vcn are the per phase voltages, Ra, Rb and Rc are 

resistances per phase, ia, ib and ic are currents, ean, ebn and 

ecn represents back emf and λa, λb, λc represents flux 

linkages. Ls is the self inductance per phase M is the mutual 

inductance of the windings. For star connected three phase 

windings of the stator, 

ia+ib+ic = 0 (9) 

The flux linkages can be expressed as, 

λx = (Ls + M).ix (10) 

Where x denotes a, b or c (i.e. phase terminals). 

E. Voltage Source Inverter: 

The function of an inverter is to change a DC input voltage 

to a symmetrical AC output voltage of desired magnitude 

and frequency. The output voltage could be fixed or variable 

at a fixed or variable frequency. A variable output voltage 

can be obtained by varying the input DC voltage and 

maintaining the gain of the inverter constant. 

VI. SIMULATION MODELS AND RESULTS 

A. Input Voltage: 

 
Fig. 5: 

B. Simulation 

 
Fig. 6: 

C. Power Factor 

 
Fig. 7: 
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D. LUO Converter Output Voltage: 

 
Fig. 8: 

E. Speed Response 

 
Fig. 9: 

F. Hall Signal: 

 
Fig. 10: 

VII. CONCLUSION 

A PFC based BL-Luo converter fed BLDC motor drive 

using neuro fuzzy controller has been proposed for wide 

range of speeds and supply voltages. The proposed BLDC 

motor drive has been designed and its performance is 

simulated in MATLAB/ Simulink environment for 

achieving an improved power quality over wide range of 

speed control. 
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